The neural tube is composed of a number of neural progenitors and postmitotic neurons 22 distributed in a quantitatively and spatially precise manner. The floor plate, located in the ventral-23 most region of the neural tube, has a lot of unique characteristics, including a low cell proliferation 24 rate. The mechanisms by which this region-specific proliferation rate is regulated remain elusive.
Introduction

37
The neural tube is the embryonic precursor to the central nervous system, and is composed Figure 2O ). On the other hand, in e11.5 mouse neural tube, a strong signal of pS6 was 152 found in the progenitor regions ( Figure 2P ). Thus the active area for mTOR signal becomes broader 153 at the downstream level as the development progresses, and a species-specific distribution of pS6 154 was found in the neural tube.
155
Although mTOR signaling activation, as detected by pS6 expression, was dynamic, neither p- 
164
Taken together, these results indicated that mTOR signaling is involved in the proliferation of 165 neural progenitor cells, but not FP cells, during neural tube development. 
189
We finally asked if the cell fate change was involved in the mTOR signalling, and carried out Supplementary Table 1 for primer sequences). The results showed 209 that expression of most of the genes was not affected by the presence or absence of Shh ( Figure 4A ). 
213
The regulatory region of the RNF152 gene contains a FoxA2 binding region (Metzakopian et 214 al., 2012). We therefore prepared explants electroporated with FoxA2, and compared gene 215 expression with that of control-GFP electroporated explants by RT-qPCR ( Figure 4B ). The RNF152 216 transcription level was significantly higher in FoxA2-overexpressing explants than in GFP-217 electroporated explants, suggesting that RNF152 is a target gene of FoxA2.
218
To identify the spatial expression of RNF152 in the neural tube, we performed an in situ 219 hybridization analysis. Although the RNF152 expression was not detected at HH stage 11 ( Figure  4C ), the expression was found in the FP at HH stages 16 and 22 with a lower level of expression in 221 the apical region of the neural tube (Figures 4D,E).
222
Taken together, these findings identified RNF152 as potential negative regulator of the 223 mTOR signal.
225
RNF152 negatively regulates cell proliferation through the mTOR signalling pathway
226
We next attempted to analyse the function of RNF152 in the cell proliferation of the neural 227 tube. Because RNF152 is expressed in the FP, we first investigated whether RNF152 is involved in 228 FP differentiation. We electroporated the expression plasmid for RNF152 and analysed the FoxA2 
246
We next asked if the effect of RNF152 can be rescued by hyperactivation of RagA. We 247 therefore electroporated CA-RagA together with RNF152, and investigated the expression of FoxA2, 248 p-p70S6K and pHH3. As a result, the number of p-p70S6K-and pHH3-positive cells was significantly 249 higher in cells co-electroporated with CA-RagA and RNF152 than in those overexpressing RNF152 250 alone ( Figure 5D ,D',F,F'), while FoxA2 expression was unchanged ( Figure 5B 
255
Blocking RNF152 expression leads to aberrant cell division in the FP
256
To elucidate the function of RNF152 in mTOR signaling and FP cell proliferation, we 257 designed a loss-of-function experiment to inhibit the RNF152 expression by si-RNA. We electroporated si-control or si-RNF152 in the ventral region of the neural tube together with the GFP-259 expressing plasmid at HH stage 10, and cultured the embryos for 48 h to reach HH stage 18.
260
While no ventral expansion of pS6 was found by the si-control electroporation ( Figure 6A 
266
We confirmed that the activation of mTOR signal induced the ectopic pHH3 expression in the 267 FP region. We electroporated control, CA-mTOR or CA-RagA in the ventral neural tube, and checked 268 the expression of pS6 and pHH3. As expected, the pS6 expression was found in the FP region in 
276
Altogether, RNF152 is essential for inhibiting the cell proliferation, and blocking the function Supplementary Figures 1A,B) , and later in the commissural axons 326 (Supplementary Figure 1C) , which does not correspond to the distribution of the downstream 327 molecule pS6 ( Figure 2C,O) . These results suggest that mTOR signal is activated dynamically and 
353
Embryos were fixed with 4% paraformaldehyde on ice for 2 hours, and then incubated with 354 15% sucrose/PBS solution overnight. Embryos were embedded in the OCT compound (Sakura) and 355 sectioned at a thickness of 12 µm (Sakura Finetek, Japan).
356
Immunohistochemistry and in situ hybridization were performed as described previously
357
(Sasai et al., 2014). The antibodies used in this study are listed in Supplementary Table 2 .
358
Timed pregnant mice were purchased from Japan SLC (Shizuoka Prefecture, Japan).
359
Embryos were extracted and processed as described for chick embryos. 
479
RNF152 blocks the cell proliferation through by negatively regulating mTOR signalling.
480
Transcriptional regulation is indicated by solid arrows; activation, and inactivation with protein 481 interactions or modifications are indicated by dotted arrows; the regulation of cell proliferation by the 482 activation of p70S6K is apparently indirect, which is indicated by the gray arrow.
